Aspergilusfiavus spores were dusted onto the involucral nectaries of cotton flowers. The fungus was present in 20 to 58% of the immature boils harvested 25 or 35 days after anthesis. Among similarly inoculated bolls fully matured either in the field or under sterile conditions at ambient temperatures after excision from the plants, only 3 to 14% contained A. flavus in the seeds. There was no significant difference in the numbers of contaminated boils between the excised and field-matured treatments. It is concluded that A. flavus is present in developing cotton boils before dehiscence, but its presence does not ensure infection of mature seeds, and that excision does not reduce A. flavus contamination if the bolls are maintained at ambient temperatures.
in 20 to 58% of the immature boils harvested 25 or 35 days after anthesis. Among similarly inoculated bolls fully matured either in the field or under sterile conditions at ambient temperatures after excision from the plants, only 3 to 14% contained A. flavus in the seeds. There was no significant difference in the numbers of contaminated boils between the excised and field-matured treatments. It is concluded that A. flavus is present in developing cotton boils before dehiscence, but its presence does not ensure infection of mature seeds, and that excision does not reduce A. flavus contamination if the bolls are maintained at ambient temperatures.
Aspergillus flavus Link infects cottonseed in the field in low-altitude desert areas of Arizona and California (12) . Within the seeds, A. flavus synthesizes aflatoxin, the most potent naturally formed carcinogen. Understanding the ecological relationship between the fungus and cotton plant could lead to practical field control measures for this organism and reduce aflatoxin contamination of cottonseed in the field.
The time of establishment of A. flavus in undamaged cotton bolls has not been thoroughly investigated. Ashworth et al. (3) concluded that the fungus does not enter the boll until the sutures begin to crack open. Others (7, 8) determined that introduction of A. flavus spores to natural openings in the cotton plant before, during, or up to 30 days after flowering significantly increases the number of seeds infected at boll maturity. They did not, however, establish the presence of the fungus within the bolls during maturation. The present field study was conducted in high-aflatoxin areas in Arizona to determine whether undamaged developing boils exposed to A. flavus at anthesis contain the fungus within the boil before dehiscence and, if the fungus is present, to determine the relationship between its presence in the developing boll and the level of infection of mature seed.
The experiment was conducted in two fields in Arizona in 1985. One was a commercial planting of Gossypium hirsutum cv. Delatpine 120 near Gila Bend, and the other was a planting of G. hirsutum cv. Stoneville 213 on the University of Arizona farm near Maricopa. On 20 June in Gila Bend and 9 July in Maricopa, four sets of 60 white flowers were tagged in each of the fields (a total of 240 flowers per field). To ensure that the bolls would be exposed to A. flavus, the flowers were inoculated on the involucral nectaries with A. flavus SRRC 1000A by presenting dry spores with an artist's brush, as described previously (8) .
One set of green bolls from each field was harvested 25 days after anthesis, and another set was harvested 10 days later. The bracts and peduncles were removed, and the boils were rinsed thoroughly in tap water to remove extraneous matter. After being rinsed, the bolls were placed in a laminar flow hood to prevent possible contamination during surface sterilization and plating. Each boil was surface sterilized for 5 min in a 2% (wt/vol) sodium hypochlorite solution containing 0.001% (vol/vol) Triton X-100. The bolls were rinsed thoroughly in sterile deionized water, placed in 95% ethanol for 30 s and briefly flamed. Finally, each boll was cut transversely into 5-to 8-mm-thick segments with a sterile surgical scalpel, and all of the sections were placed in petri dishes containing potato dextrose agar and incubated for 5 to 7 days at 24°C. The locations of the centers of the A. flavus colonies on the boll cross sections were noted. Because the preparation of green boils in this manner was very timeconsuming, the sample size was limited to 40 boils. In one case, only 25 boils were available and all of these were plated. There was no way to determine whether colonies on adjacent cross sections represented a single infection that had been divided as the boil was cut or two separate infections; therefore, the number of colonies in a boil was not tabulated.
A second set of 35-day-old bolls was collected from each field and surface sterilized in the same manner as those that were sectioned. Boils of this age were selected because boils younger than 30 days old do not mature if removed from the plant (6) . The bolls were placed individually into sterile paper bags, sealed, and allowed to mature at ambient temperatures in the shade in an otherwise empty screened insectary in Phoenix. To ensure that extraneous spores did not enter the bags as the boils developed, a preliminary experiment was conducted in which open petri dishes containing potato dextrose agar were placed in similarly prepared bags, sealed in the same fashion, and placed on the lab bench for 5 days. There was no fungal growth on any of the dishes.
The seeds from each of the bolls allowed to mature in the insectary and from a final set of mature bolls harvested from the field 60 days after anthesis were ginned, delinted, surface sterilized, and plated as previously described (8) . If A. flavus colonies emerged from any of the seeds in a boll, the boll was considered to be positive for A. flavus. Seed from all of the bolls harvested were examined. Differences in seed infection between insectary-and field-matured bolls were analyzed for both fields by using a Z test for normal approximation of the binomial distribution (14) .
A. flavus was present in green bolls from both locations at 25 and 35 days after anthesis ( Table 1 ). The surface of developing seed was the most frequent locus of fungal growth in the developing bolls, followed by fiber with colonies emerging from it. The fungus was observed least frequently in placental tissue and the intercarpellary membrane. These results could represent purely physical factors; the majority of the internal volume of the cotton boll is seed and fiber.
Environmental factors, differences in cultural practices, or both may be responsible for the fairly large differences in the numbers of green bolls infested in the two fields in this experiment. Another possible explanation for the differences is that the two cultivars differed in receptivity to fungal invasion; however, there is little evidence to suggest consistent cultivar-dependent differences in susceptibility to A. flavus or aflatoxin (10).
Ashworth and Hine (2) demonstrated that undamaged green bolls are closed systems and that the only possible entry routes for fungi and bacteria into the bolls are through wounds or through the vascular system. Others have demonstrated an association between boll infection and peduncle infection (4, 5, 13) . We have demonstrated (M. A. Klich, L. S. Lee, and H. E. Huizar, Mycopathologia, in press) that there is a strong positive relationship between A. flavus in the peduncles and stems immediately subtending the boll and seed infection. This concurs with the hypothesis that movement of fungi, including A. flavus, into undamaged developing cotton bolls is through the vascular system.
In this study, A. flavus was virtually the only fungus present within the green bolls. Of the 145 green bolls examined, only 13 had fungi other than A. flavus. The majority of these colonies were Alternaria alternata (Fries) Keissler. Other researchers have investigated the microbial flora of developing cotton bolls and have come to various conclusions regarding the sterility of the interior of the green boil. Ciegler et al. (6) found no fungi in developing bolls until 45 days after anthesis and reported that expression of these fungi was suppressed until that time. Their study, however, was conducted primarily in a region of the country where A.
flavus is not a dominant member of the boil mycoflora (12) . With the exception of A. flavus, the developing boils observed in the present study were also essentially free of fungal contaminants. Others have isolated fungi, including A. flavus, from the interior of boils very early in development (1, 13). Roncadori (13) suggested that environmental factors may influence both the time of invasion and time of expression of fungi in developing boils. This hypothesis would account for the apparent discrepancies in the literature regarding the sterility of the interior of green bolls.
A. flavus was associated with the developing seed of 20 to 58% of the bolls before boll opening ( Table 2 ). The number of boils with A. flavus in the mature seed was much lower than the number of green bolls with A. flavus associated with the seed, indicating that the fungus may be present in the developing boll in the vicinity of the seed without actually invading the seed. The fungi associated with the developing 
